Résumé. 2014 Abstract. 2014 Single-spin-flip dynamics of discrete spin models on fractals and percolation structures is studied within the framework of a low temperature approach. Using a scaling theory we show that, in general, the energy barrier for overturning a finite cluster of s spins scales as In s. The probability distribution of the energy barriers for percolation clusters is argued to be given by the extreme-value distribution. The resulting long time relaxational dynamics so obtained is a stretched exponential with a temperature dependent exponent. Our results lead to a natural formulation of a new dynamic scaling hypothesis and are discussed in relation with the so-called glassy dynamics.
Introductioa
In a previous paper [1] , a numerical study of the spin dynamics of discrete spin models on diluted lattice has been presented Within the framework of a low temperature approach, we have argued that singlespin-flip dynamics on finite percolation clusters can be described with thermal energy barriers. In particular, it has been shown that the energy barrier Vs to overturn a finite cluster of ferromagnetic Ising spins scales logarithmically with the cluster size s. More precisely, for percolation clusters at threshold (p = Pc)' the following result has been obtained : (1) on the single-spin-flip dynamics of individual clusters have been described elsewhere [2] . In this paper we address the questions of the origin, the generality and the practical implications of equation (1) . More precisely, we shall show that : i) using renormalization group ideas, equation (1) is actually a natural consequence of the scale invariance of percolation clusters, ii) logarithmic size dependence can be derived directly on fractal lattices, due to some elementary rules for the calculation of the energy barriers, iii) the energy barriers distribution, for Equations (2) and (3) are the basic iteration equations. The iteration of equation (2) [5] . In this case a = 0 but A = 0 in equation (1) [7] . This is actually the extrapolation from the 1 D case where instead of a single kink, we have here a wall. This picture leads to z = 2 + 8 = 3 + 1.
This prediction for z fits the known result (z = 2) at one dimension, but call for a numerical check at 8 Z 0. Furthermore, as will be shown below, this scaling breaks down on a large number of fractal lattices, of finite ramification number where Tc = 0.
Direct calculation of the energy barriers,
Because of dilation invariance, fractals lend themselves particularly conveniently to scaling approaches. Thanks to some simple composition rules, the size dependence of the energy barriers can be extracted in some cases. In the following, we shall list some of these rules for two-terminal basic units (Fig. la) viewed as blobs. For the sake of simplicity, we limit our discussion to Ising spins. The energy barrier V and the domain wall energy barrier W are measured in units 2 J. Here n' refers to the integer part of (n + 1)/2.
Using these rules and their straightforward extension to more complicated blobs (e.a. multi-terminal), one can extract the size dependence of barriers on regular fractal lattices. For instance, the energy barrier for a linear arrangement of identical blobs (Fig. 1 b) is independent of the number n of blobs. However, for the regular simplex, shown on figure 2, the series rule in closed ring geometry, leads to the following recursion relation : V(3 s) = 2 + V(s) for the energy barrier. Thus V(s) = It is important to notice that such a result originates from the exact recursion relation obeyed by V(s). For random fractal lattices, there is no such simple relation and the origin of the result of equation (1) on percolation clusters must be found elsewhere.
Energy barriers distribution for percolation cluster
The result of equation (1) refers actually to the energy barrier for a typical cluster of size s. A more precise analysis would take into account the fact that V and then the relaxation rate depend on the shape of the cluster also. Therefore, for a given size s, there is a probability distribution for the energy barriers and for the sake of clarity we limit our discussion to clusters at threshold (p = Pc). The structure of a given cluster is well described by the links-nodesblobs picture [4, 8] 
(F3 (X))"
= exp( -n e -x ) is nothing else than F3(x-In n). Therefore, the distribution function P,(V) for the properly normalized energy barriers for clusters of size s is given by Note that the argument leading to equation (5) is mainly based on just two specific ideas : i) the stability of the distribution of V under the action of the operation Max. Such a stability condition is implied by the self-similarity of the blobs structure. ii) The linear topology of necklaces.
Global distribution of barriers is simply deduced from the cluster-sizes distribution ns. At threshold [10] , n., -s-r for large s and using equation (1) instead of the usual form of the dynamic scaling [7] : T(T) '" çj.. In the following we shall denote by (1) Here ns(p) refers to the probability distribution of clusters size [10] As expected both Tc and Tm diverge at p -+ pc . More interesting is the following form for the scaling of it as implied by equation (12) : to be contrasted with the ID result [11] : In i; = calculate. For instance, at C;T C;p' In g,(t) and In gM(t) fall of linearly in time : -tIT(T). In the opposite limit, C;T & # x 3 E ; & # x 3 E ; C;p the calculation of gM(t) and gc(t) can be carried out without difficulties. For instance, gc(t) is actually a function of the scaling variable t/Tc. Using a saddlepoint method, the integrals can be developed as an asymptotic expression in t/,rc, corresponding to the asymptotic regime t &#x3E;&#x3E; Tc. Then stretched exponential decay function is actually a function of temperature. More precisely, n = n(T) = 1/(1 + T/2J) decreases from n = 1 at T 2 J to n = 0 at T &#x3E;&#x3E; 2 J. This non exponential regime dominates, at t » T,,,, the linear behaviour In gc(t) '" -' t/i(T ) described above. Explicitly, for T &#x3E; çp, to a non exponential regime, described by the analogue of equation (14) . Moreover, equation (14) holds also at p Z p,,, T T,(p) where ns(p) assumes a similar form [10] as above. The crossover fractal-toEuclidean will be discussed elsewhere.
It should be noticed however that in the previous analysis we have neglected the contribution, to g,, and gM, of exceptional very large compact (Euclidean) clusters. For these compact clusters Vs _ fd-l)/d and using a Lifshitz-like argument, one gets [12] This regime is more slowly than an exponential but JOURNAL DE PHYSIQUE. -T. 46, N° 11, NOVEMBRE 1985 faster than a power law and represents the dynamical counterpart of Griffiths singularities. However, we believe that the observation of this regime in real or computer experiments is actually doubtful and calls for a careful analysis [13] . 6 . Glassy dynamics and concluding remarks.
Our main results were summarized in the introduction. Let us conclude with three comments.
i) The power law expression (Eq. (9) [19] . An important difference between i) and ii) comes from the temperature dependence of the exponent n : n is a constant number for ii) whereas n = n(T) in the first case. In this respect, it is interesting to compare our prediction for n(T) with the available data. Actually, the linear behaviour 1 -n(T) -T at low T, seems to be observed (see Fig. 3 of Ref. [17] published [20, 21] . Though using a completely different argument, the result of reference [20] fully confirms our results for the percolation clusters. Regarding reference [21] , there is an agreement with our results for linear fractals. However, the claimed result z = d + 1 (Sierpinski gasket), which seems to coincide with our prediction for the carpets, must be considered carefully. In fact, real space renormalization group does not provide a reliable method for the study of kinetic Ising models [22] and particularly for the calculation of the exponent z.
